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A REVISED GUST-LOAD FORMULA AND A RE-EVALUATION OF V-G DATA TAKEN ON CIVIL

TRANSPORT AIRPLANES FROM 1933 TO 19501

By KERMIT G. PEAT-Tand ‘WALTER G. WALKER

SUMMARY

A retied gwt-load formula with a new gust factor is derived
to rephzce the gwt-load fornndu and atition factor widely “
used in gust studies. The revised formula utilizes the same
principles and retaiw the sanw simple form of the originul
formula but protiiea a more appropriate and acceptable bti
for gw?-hmd cai?culations. The gust factor i~ calcuhted on the
basis of a ane-minus+ww”negust shape and h prewnted as a
function of a maw-mtio parameta in wntnwt to the mmp gwt
shape and mungloading, rtxpectwely, wed for the alkviation
factor,

A summary of gust-velocity datafrom V-Q records iaken on
civil transportairplanes from 1933 to 1960, re-evaluatedby the
retied formula ti also piwented. Th-e r& indicute that
the wnclu.m’mudmumfrom prem”ouslypre+wnteddata biuwdon
the origimd formulu (in partixdar, concerning the leve18of
emhuzted gwt uelociti.a between di$ertmt roui%) remain
es8entiaUyunchanged. The Nation& Advisory Committeefor
Aeronautics will muke use of the revised gust-lqzd formula in
the @aluation of relmznt gwt data.

INTRODUCTION

A gustJond formula, embodying a number of simplifying
assumptions, has long been used in this emmtry for the
calcuIntion of design gust loads on ordinary airplanes by
military and civilian regulating agencies (see, for example,
ref. 1). This formula was developed and has been utilized
by the NACA in the evaluation and interpretation of gust
and gust-loads data obtained from measurements of accelera-
tions and airspeeds experienced during routine and some
special flights through turbulent air (see, for example, refs. 2
to 7). The formula may be written as ,

where the quantities and customarily used units are as
follows:
an airplane maximum nondimensional normal accelera-

tion, in g units (am_=A~ in refs.)
m wing lift-curve slope, per radian

air density at sea level, slugs/cu ft
: wing area, sq ft
V, equivalent airspeed, fps

u, “effective” gu9t velocity, fps
w airphaneweight, lb
K dimensionkw “alleviation factor”

The formula serves to relate the peak accelerations due to
gusts to be expected on a given airplane to the peak accelera-
tions measured on another airplane for fright through the
same rough air. The underlying concept is that a measured
acceleration due to a gust may be used to derive an “effec-
tive” gust velocity which in turn is used to calculate the
acceleration on another airplane by reversing the process.
The effective gust veloci~ Ue is not, therefore, a direct
physical quantity but is rather a gust-load transfer f&ctor
definable in terms of the formula.

The nondimensional parameter K depends on such factors
as gust shape and resulting airplane motions. In order to
allow for some of these factors and for simplicity in practical
application, K has been calculated on the basis that the gust
shape is of a ramp type (gust velocity increasing linearly
with distance up to a limit of 10 chords) and by taking into
account effects of gust penetration and of the resulting verti-
cal motion of the airplane. A small adjustment was then
made to the parameter K on the basis of model tests and
analyses to allow for overall effect9 of pitching motion on
the normsJ acceleration. The correction made implied that
on all aircraft the acceleration is aileeted to about the same
degree by the pitching motion, this assumption being reason-
able only for conventional aircraft having satisfactory flying
qualities. On this basis, K is dependent only on a non-
dimensional mass-ratio parameter which is deiined by the
mass of the airplane divided by that of a cylinder of air
about the wing. For design purposes, however, K was
expressed in terms.of wing loading and was normalized by
dividing by its value for W/S= 16 lb/sq ft. This procedure
had two effects which now can be considered undesirable.
The use of wing loading rather than mass ratio ignored certain
effects of altitude and airplane size, and the normalization
produced effective gust velocities that are not referred
directly to the maximum velocity of the ramp profile but
rather to a constant times this value.

Over the yeara, the alleviation factor K has been mod.Med
by the various regulating agenciea in their design require-
ment. & a result, there now exist several different allev-
iation factors and correspondingly dif?erent design gust
velocities. This situation has resulted in some confusion

j @WSHkS NACA T~s H by -It C+.PmtLW, snd3041by WnIter13.Walker,lWS.
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when the design gust velocities used by the various agencies
are compared -ivitheach other or tith NACA gust data.

In order to provide for uniformity of gust-load calculations,
the interested regulating agencies and the NACA, at a meet+
ing of the AN&l Panel on Flight Loading Ckmditions,agreed
to the desirability “of adopting a new standard alleviation
factor. This new allevkkion factor, to be referred to as
“gust factor,” was to be based on the more fundamental
parameter, mass ratio, instead of ~ loading and also on
a new gust profile represented by a one-minus-cosine curve.

The NACA agreed to calculate the new gust fact& and to
use it in a revised gustdoad formula for the reduction of
relevant gust,data. A point of intereat is “tiat the new gust
factor as calculated is not normalized to any given value,
and hence the gust velocity can be conveniently referred
directly to the maximum of the gust prd.le. Since the
revised formula d.1 be used in evaluating future NACA
guskrcsearch data, it appeared desirable to re-evaluate previ-
ously obtained acceleration and airspeed data tim V–G
records by the use of the revised formula. (The NACA
V-G recorder is briefly described in ref. 2.) This report
presents the revised gust-load formula and the new gust
factor together tith a sumnmqy of m-evaluated gust-velocity
data from V-G records of civil transport airplanes for the
Period from 1933 to 1950. Most of the V-G data were
&iginaJly presented in references 3

SYMBOLS

A aapect ratio, b2/S
as nondimensional vertical

to 7.

or normal acmkration,

a.~, . reference nondimensional vertical or normal ac-

celeration,
mpSW
2W

*gUnits

NOTD.-AS a result of a change in symbol standa@ization
a, and av, replaca herein An and An,, respectively, which
are used m the referen-.

b wing span, ft
(748) transient lift response to penetmdion of sharp-edge

gust ,
CL=(8) transient lift response to unit-jump change in

angle of attack /
c (reference -@g chord mean geometric chord;

Wing area, it -
wing span )

h~oTFI.-In the present analysis, the choice of a reference
chord is not critical. If preferred, the mean aerodynamic

f

bf9
chord as detied by Z=$ ~ ~S dy, -ivhere~ is the local

.
chord and y is the dista~ce along the span (ft), may
be used. Whataver chord is selected as the reference
chord should, of course, be used consistently for the pur-
pose of data comparison.

e base of the natural system of logarithms
9 acceleration due to gravity, ft/se@
H gust-gradient distance (horizontal distamx from

zero to maximum gust velocity), chords

K
Kg
1

m.
M
N
P

!s
s
81

t

tl

u
Ude
.u.
?L
v
v.
v,
w
z
‘Y

x

PE

P
Po
a
T

alleviation factor deiined in reference 2
gust factor (revised alleviation factor)
average flight miles to equal or exceed a givm

value of gust velocity
vzinglifkurve slope, per radian
~irplane mass, slugs
total number of observations in a sample of clatu
probabili~ that the maximum value in a sample of

data d equal or exceed a given value
~ area, Sq ft
distance of penetration into gust, chords
dummy variable in superposition integral, chords
time, sec
dummy variable in superposition integral, soc
gust velocity (maximum value), fps
“derived” gu@ velocity, fps
effective gust velocity defined in refe~once 2, fps
gust velocity at any penetration distance, fps
airspeed, fps
design cruising speed, mph (ref. 1, p. 3)
equivaknt airspeed, Vdfl, fps (see ref. 8)
airplane weight, lb
airplane vertical displacement (positive upmrd)jft
location parameter of distribution of extrorne

values (symbol u in ref. 9, p. 2)
scale parameter of distribution of extreme values

(symbol a in ref. 9, p. 2)
airplane mass ratio (sometimes referred to as

2W“mass parameter” in the past), —
mpc(ls.W.-,

air density, slugs/cu ft
air density at sea level, slugs/cu ft
airdensi~ ratio, p/po
average flight time per V–G record, hr

Subscxipt:
max maximum value

A bar over a symbol denotea the mean value of the variable.

REVISEDGUST-LOADFORMULA

DERIVATIONOF ItEVISEDFORMULA

The revised gust-load formula to be derived herein, like the
original formula, was obtained horn solutions of an equation
of airplane vertical motion in an isolatid gust. The use of
the formula to transfer accelerations from one airplam to
another for continuous rough air implies, therefore, the
assumption that the relative loads for single isolated gUsts
are a measure of the relative loads in a sequence of gusts. In
regard to this assumption, it is recognized that some of tho
more recent methods for analysis of airplane loads in con-
tinuous rough air tith proper allo=m-mcefor various degrees
of freedom of airplane motion may in due course bo adopted;
ho~ever, for the present, it remaips desirable to retain tlm
simplicity of the original method. & in the case of tho
original formula, the present method d not be suitablo for
all airpkme configurations. Unusual airplane9 vfill require
special analysis. After the presentation of the revised gush
load formula, a brief comparison of featurea of the original
and revised formulas is given.
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Basio assumptions and equation of motion.-The equation
of motion is based on the follo~ assumptions commonly
used in gust-load problems:

(1) The airplane is a rigid body.
(2) The airplane fomvard speed is constant.

‘ (3) The airplane is in steady level flight prior to entry into
the gust.

(4) The airplane can rise but cannot pitch.
(5) The lift increments of the fuselage and horizontal tail

are negligible in comparison tith the ~ lift increment.
(6) The gust velocity is uniform across the ~ span and

is parallel to the vertical axis of the airplane at any instant.
If the+forces associated tith steady level flight are dime-

garded, a summation of vertical or normal forces on the
airplane in a gust yields the follo~ equation of motion:

In equation (l), the fit term on the left-hand side is the
inertia reaction and the second term is the damping force due
to airplane vertitxd veloci@. On the right-hand side, both
terms are forces due to the gust; the first term is the force due
to a gust having zero velocity at the begkming of penetration
by the airplane and the second term is the force due to a gust
having an initial velocity other thti zero at the begiming of
penetration.

By using the relationships $=ang and t=; equation (1)

can be mitten in nondimensional form as

a.(8) 1 ‘ 1
—+-J 2X

dd &l— &&8,) ~
a“, .

Where
mpSW

an,=
2W

2W——
* mpcg~

(3)

(4)

and the functions 6’L,~d CL.are the transient lift responses
of a fig to a penetration of a sharp-edge gust and to a unit-
jump change in angle of attack, respectively. In equation
(2), an is the vertical acceleration that results from the gust

and ~. is a convenient reference acceleration Which may be
interpreted as the acceleration that would result solely from
a lift force equal to the steady-state lift associated tith the
maximum velocity of the gust. The second term is asso-
ciated tith the damping due to the airplane vertical velocity
and the remaining terms are associated directly tith the
gust. It can be remarked that the ma& ratio ~ is a basic
parameter in e,quation (2).

Solution of the equation of motion.-Equation (2) &as
solved for histories of the acceleration ratio a.(8)/aB, on the
basis of the follotig transient lift functions ad gust shape.

The transient lift functions used are

~ 6’L=(8)=l.01)0-0.165e-0–W-0.335e-O”W (5)

+ CL$8)=l.000-0.236e-0-llo-0.513e-0-*-0.171e-i-W (6)

These are the transient lift functions for infinite aspect ratio
given in reference 10, normalized to asymptotic values of
unity. .These expressions, rather than iinite-aspectiratiob
functions (such as those given in ref. 10), were used for shn-
plicity in order to provide solutions of the equation of motion
independent of aspect ratio except, of course, as mpect ratio
affects the slope of the lift curve. Thus, in tiect, only the
shap~s of the iniinite-aspect-ratio functions are used, the
appropriate finite-aspect-ratio lift-curve slope being used in
evaluating the mass ratio ~. The results obtained through
the use of equations (5) and (6), however, are probably less
than ~ percent d.iilerenthorn the results that would be ob-
tained through the use of the finite-aspect-ratio functions,
as indicated by some limited information in reference 11.
This reference also indicates that the differences might be
slightly larger when the transient lift functions for a Mach
number of 0.7 are used.

The gust shape used -m.s that designated by the ANG1
Panel, that is,

%=K1-’+)=sti’a ‘o<g<@

U(8) o
r= *

(O>8>2H)

(7J

/

where H was designated equal to 12.5 chords. (Immnuch as
the initial portion of the revised gust proiile is relatively in-
tiective, the gradient distance of 12.5 chords corresponds
roughly to the 10-chord gradient distance for the original
ramp profle.)

With these lift functions and gust shape, equation (2) is
noted to depend on only one parameter, the m= ratio Kg.
Solutions of the equation were obtained for a range of ~, by
the numericil recurrence method presented in reference 12
for the case of a rigid airplane. Although solutions of the
equation also can be obtained in closed form when equations.

3mG5M&74
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(5)and (6) are used, the numerical method was chosen be-
cause it is much more rapid, is easy to apply, and gives good
rwwracy (error in a~a.l less than *0.005). Sample histories
of the cnlculatid acceleration ratio for three diflerent values
of ~ are presented in figure 1.

Revised gust factor and gust-load formula.-Since the
maximum value of G/a%. with respect to gust penetration
distance (see fig. 1) deilnea the maximum acceleration exper-
ienced by the airplane, it is of primary concern in design.
This maximum value is herein designated as the “gust fac-
tor” and is labeled K.; that is,

(8)

The variation of this gust factor with mass ratio is shown in

If)

$8

@ .6
~

g
p.4
az
8
a .2

0 2 4 6 8 10 12 [4 16
Gust penetmtkmdistunm,s, chxds

FIOIJREl.—llepmsentative histories of acceleration ratio.

.

figure 2. LNOclosed-form rmalyticnl expression for tho curve
of Kg can be written, since it was obtained by Q nunmricd
procedure. A convenient expression dich closely approxi-
mates the curve was found, ho~ever, and is presented below:

o.88/lgK,=—
5.3+&

(9)

This simple expressiongives K. with an error less than +0.01.
The revised gust-load formula follows directly from oqun-

tion (8); that is,
a=_= aS,KE

mpSVUK
‘---2T- ‘

(lo)

In terms of equivalent speeds this equation beconms

mPQw~d6 K
aa_= 2W ‘

(11)

~here the subscript e is used to denote that both Lheairspeed
and gust velocity are equivalent speeds. The subscript d has
beeh added also to the gust velocity to denote that, ~vlmn
the formula is used to evaluate gust velocities from mmsurod
accelerations, the gust velocities obtaimxl, lib U, in the
original formula, are “derived” rather than mcm.nwl values.
For application in design, however, Ud. may of cou~e be a
stipulated value.

The revised gust-load formula (eq. (11)) may be notod to
be of the same form m the original formula, the gust factor
K, being in effect a retilon of the alleviation factor K. A
further comparison of the original and ne}v formulas is givm
in the subsequent section.

m

.8

.6
k’

;-
$

5
W4

2

0
Mossmtio,Pg

mpo~.ud.
Revised gust-load fornida, a.ma= Zw

2WK= where p.=—.mpcgS



RFWISED GUST-LOAD FORMULA AND R-E-EVALUATION OF

COMPARISON OF ORIGINAL AND REVISED GUST-LOADFORMULAS

The salient features of the revised gustAoad formula as
compared with those of the original formula are illustrated in
the following table:

Item I Orfgfnd

(n) Gust-hnld formuln. a.mu mpcsv.w.—.
2TV K

(b) Gust SIMM +&

1

(d) hft&&m& K&O;

plottedogrdmt
wing Ioadlng

(&Lp-
(cOrrcotcdfor
pkaheffeck) $.~~

I

Lo

(c)Allo#tlo& and K

E

J$9$61k@q{t

(f) GM Velocity I U.a Vdn
I

Revk.ed

*S V.U4. =’a.””- ~~

+-_

()2*Xc
-----------------------------

WA= Wdn

The description of the original curve, in the table and in
tho text to follow. is schematic in nature and is not intended,
to bo sufficiently detailed to permit reproduction of the curve.

~ item (a) shows, the forms of the original and the revised
formulas me the same. The respective gust shapes are
shown as item (b). The original gust shape was of a ramp
type but was effectively undefined beyond a gradient dis-
tanco of 10 chords as a consequence of an approximation
mado in solving the equation of motion. This approxima-
~ionmndc use of the value of the acceleration at a penetration
distanco of 10 chords as the maximum acceleration if the
ngtual maximum did not occur tithin this distance. The
revised gust profile, in comparison, is symmetrical in shape,
finito in length, and has a gust gradient distaimeof 12.5 chords.

I?or item (c), curves of masimum weeleration ratio

()
~J ~ (ratio of the maximum acceleration in the gust to—

the rofcrence acceleration as,) associated with the respective
gust shftpcs me given as a function of mass ratio. As
previously mentioned, the original curve of alleviation
factor described in reference 2 was not used in terms of mass
ratio but rather in tmms of the convenient design parameter,
wing loading. This use implies a separation of the left-hand
curvo of item (c) into a family of curves involving the par-
ameter mpcg/2 as indicated for item (d). The alleviation
factor ma obtained from this family as a single curve which
was not, however, a partictiar cme of the f~y but ~~
obtuined from the entire family on the basis of various
ongincering considerations. Thwe considerations included

(1) An assumed variation of wing chord with wing loading
(2) h dlo~ance, based on experiment and analysis, for

V-G DATA TSN ON CIVIL TRANSPORT AIRPLANES 1153

the effects of pitching motion, consisting of a constant per-
centage correction to the mtium acceleration ratio (that is,
multiplication of (a.JaJ ~= in item (d) by a constant
faotor)

(3) Normalization of the curve to unity at W/~=16
lb/sq ft. The alleviation-factor curve thus obtained is show -
as item (e).

Although the use of the single rdleviation-factir curve K
based on wing loading does not fully ackmnt for variations
in the parameter mwg/2, at the time of derivation iti was
considered representative of airplane design and operating
practice. At the present time, however, the variations of
mpcg/2have increased to the point where a single curve’based
on wing loading cannot be considered representative. In
the light of modern airplane practice, it is now desirable to
revert to a single curve for the gust factor which is based on
the less restrictive and more fundamental parameter, mass
ratio. The gust-factor curve K. is shown on the righbhand
side of iteti (e); it is the same as that in item (c).

The original formula, as indicated in reference 2, has been
subject to scrutiny in the form of continuing experiments in
regard to usefulmss for conventional airplanes and in regard
to the effects of various other factors not explicitly taken into
amount in its derivation. This background of experience
can be carried over in the use of the revised formula as well.
In the same vein, the allomnce for effects of pitching motion
made in the derivation of the alleviation factor but not
explicitly taken into account in the derivation of the gust
factor nevertheless em be included in the use of the gust
factor. The pitch correction was not directly applied to the
gust factor beeause it would eaneel out of cxdculations
rehzting the acceleration of one airplane to that of another
airplane.

As mentioned earlier, in the use of the formulas to evaluate
meneured accelerations, the derived gust velocity Z7~Cand the
effective gust velocity ?7, are both derived rather than
measured quantities. They diiler, however, as indicated by
item (f), in that U~.corresponds to the maximum equivalent
velocity of the gust shape, whereas ~. corresponds to only a
fraction of the maximum equivalent velocity of the original
gust shape. This fraction stems tim the value used to
normalize the alleviation-factor curve at W’/S= 16 lb/sq ft.
There is no single constant proportional relationship between
Uti and U. for all airplanes because of their respective
mass-ratio and wing-loM@ bases.

Subsequent sections of this report will be devoted to an
application of the revGed formula to some previously
obtained and reported NACA gust data.

SUMMARYOF RE-EVALUATEDGUST-VELOCITYDATAFROM
V-G RECORDS

A principal application of the original gustJoad fornda
by the NACA has been to obtain effective gust velocities from
normal ac-eeleration and airspeed data of V-G records.
Since, however, the revised formula will be used in evaluating
future relevant NACA gust-research data, some previously
reported V-G data evaluated by use of the original formula
have been re-evaluati by use of the revised formula in order
to place them on a comparable basis with future data. The
re-evaluated data are summarized herein.
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Scope of data.-Table I shows the scope of the V-G data
collected horn 1933 to 1950 as presented in references 3 to 7.
In wcordanca with the procedures of these references, the
data me grouped into three time intervals-1933 to 1941,
1941 to 1945, and 1945 to 1950-to denote the operations
prior to, during, and after a wartime period. The type of
airplane and the route are identified by combinations of a
capital letter and a Eoman numeral, such as A–I, B-II, and
C-III. The airplanes and routes which correspond to those
given in referenca 3 are identified herein by the same com-
binations to facilitab comparisons of present and older
remihs..

Table II gives the airplane characteristics used for evaluat-
ing the data. The vslues given either were obtained from
the Civil Aeronautics Administration, the design manual of
the ,airphme manufacturer, or were computed as indicated
in the table.

TABLE I.-SCOPE OF V–G DATA ANALYZED IN AIRLINE

Application of gust formulas to V-(3 reoords,—The record
from the V-G recorder presents an envelope of the maximum
positive and negative accelerations experienced as a function
of the airspeed. The gust-velocity data published in refer-
ences 3 to 7 were evaluated from V-G records by substituting
into the original gust-load formula the accelerations and
associated aimpeeds read from each V-G record envelope,
Only the mminmrn positive and negative valum of the
effective gust velocities evaluated from -each record were
selected for analysis. The original formula (@on in the
introduction to this report) as transposed for this purpose is

(12)

where as and V. are the accelerations and associated aimpeeds
giving the maximum positive and negative effective gust
velocities U- for each record. It should be noted that
owing to the effect of airspeed the values of acceleration which
are sssociatid with the m@nnm effective gust velocities
are not neceamrily the overall maximum positive and
negative accelerations observed on the V-G record but,
rather, are particular points on the record envelope. The
subscript, mat, was therefore dropped from a. for this
application.

The application of the revised fornmh to the evaluation
of V-G records is the same as that of the original formulo.
&om equation (11) the maximum derived gust velocities for
a given record are

OPERATIONS FROM 1933 TO 1950

Periixlfmm1Q33to1841

A

B

o

D

E

E

E

F

I

rI

m

rv

I

v

VI

m

30

18

117

10I

15

37

11

8s

m3

307.5

‘ail

M. 1

645

276

m

!i9

ud,_=
2a#w

mpSVJZx
113)

where again kmand V. are the accelerations and associated
air6peeds giving the msximum positive and negative gust
velocities

Method of re-evaluation and results,-The method of
~nvertkg the me~~ementi of ~#_ titi tirms of ~df~ti
follows directly from the definitions of the two quantltm,
~rom equations (12) and (13)

Pwi0dfrom1941t01945

D Iv sanFmnc&O-Hawau----- DJje#4141to m 373.1 ~Q34

E I Newer?&eaMAakland---- DW&wwto m 0%5 13j 911

F
m -mbR%%’%’K&%%im&- %w#iii” lm * lQm

.
u*_=u,_ g (14)Periodfrom1946toNW

New OrMndhmm Olty- ~e;$psto

N&%%kN&ml--- N;;b&&to

NLtu&Omn m@m- N~a:847’@

Sa=nolao~Austmlk+ Aw. 1947to

NewYerk+eattla----- k!if%%ti

.
VII

II

m
Iv

VIrI

w
249

247

m.

89.4

E

G

H

H

J

—

70

PM

27

w
333

.

This relation permits simple conversion of the valuea of
U* obtained from measurements from a given airplane to
vahle9 of u&ma. It might be noted that in calculating
Ud,w the effeck of air density on the airplane response aro
included, since the value of Kfl depends upon the mass ratio

I Aiy. L&W
I I I I

II
TABLE H.—AIRPLANE CHARACTERISTICS

n?%%
Cornnmed

6A
‘“ZTII

~;
4.78

:%3
4.W
4.W
&co

GU.st faobx
Mm
rqlo,

%

(a)

K

(b)

awn
Lm

?%!
LW4

?%
L100
1.100

K,

0:&#

.E37

.El18

. ml

.610

.T26

.7U

.72s

8s6m
I!340
% 145

JR
Lom
1#81

ea4 1
74

22
m
95-

107.3
m
117.5
‘23-3

IL3

%:
10.5
la 4

2:
13.6
la 1

( I
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TABLE 111.—FREQUENCY DISTRIBUTIONS AND
STATISTICAL PARAMETERS OF Ud,=m—COnthued

which in turn is a function of air density. For the present
calculations (as was done in ref. 3 and refs. 5 to 7), an operat-
ing weight was assumed equal to 85 percent of the airplane
weight and a lift-curve slope was computed by using the

6Arelation m= —
A+2

ns indicated in table II. (Guet velocitiw

arenot given in reference 4; therefore, the normal-acceleration
and airspeed data upon which that paper is based were re-
rwah.mtedto obtain vahea of U.~Uand Ud,- for this report.)
Inasmuch as V-G records do not indicate the altitudes
flown, it was necessary to estimate average operating alti-
tudes from information received horn the operator and ‘from
analysis of time-history data obtained on the airlines. -The
values of K/K~ obtained for the various airplanes range from
about 1.6 to 2.o and are given in table II.

The application of equation (14) to the individual v&es
of Uema,used to obtain the distributions of references 3~to 7
yielded values of Uti~e for each of the airplanes &ted in
table I. The resultsare summarized in table HI as frequency
distributions of U~,~U. These UtiU distribution were then
fitted with theoretical extreme-value distributions (see ref.
9) in order to smooth out the irregularities of the observed
distributions and to provide a consistent basis for their
extrapolation. The extreme-value distributions were fitted
in accordance with the method of reference 9 by making
use of the values of location parameter Y and scale parameter
Xgiven in table III for each particular case. The theoretical
distributions were then expressed as distributions of the
probability P of exceeding a given level of U~,_ and, for
convenience in comparing the various distributions, the
probabilities were converted to flight distance by using the
relation
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In thisrelation 1is the average number of flight miles required
to exceed given values of ~~%u, r is the average flight time
in hours per record for the respective data sample, and
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0.8VC is an assumed average operat@ airspeed in miles per
hour. The results obtained by the application of equation
(15) to the present data are shown in figure 3 (in three parts
corresponding to the division of the data into the premar,
wartime, and poshvar periods) which summarizes the gust
velocities en&&tered in the various operations. The
dashed portions of the curves indicate extrapolations beyond
the limits of the data.

As a simple comparison of the levek of the gust velocities
encountered in the various operations, the expected largest
VfdUe9Of Ude= at 107fLightmiles were obtained from figure
3 and are listed in table IV. The corresponding values of
u.=6=obtained from the data in figure 2 of referenm 3 for
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Max”~ gust velocity, .!&%, fps

(a) Period 1933 to 1941.

FImmm 3.—Average ilight miles 1 for a maximum positive and negative
. gust velocity to equal or exeeed a given value.

107flight miles are also”given for comparison. (The values
of U~,_ shown ti table IV diihr in some cases from those
obtained by scaling the values of U._ by using equation
(14). These differences are small and are mainly the result
of minor differences in grouping and in curve-fitting methods
used.)

In general, the levels of tJ~,_ for the various operations
remain essentifly the same as the corresponding levels of
ue_. The findings previously reported in reference 3—
that the gusts experienced during the operations of these
airplanes were largely independent of” route, airplane, and
operator-are not changed signiii~tly.

CONCLUDING REMARKS

A revised gust-load formula with a new alleviation factor
termed “gust factor” has been derived herein to replace the
gust-load formula widely used for design and gust studies.
The revised formula, which is similar in form to the original
formula, will be used by the NACA in the. evaluation of
rekmnt gust data. A brnef comparison of the features of
the two formulaa has also been presented.

/
/’
//. // 1
/’//

/’</
//

E- 1...

/

(b

so 60 70 )
Moxlmum gust vekxity, UAm, fps

(b) Period 1941 th 1945..

FIQtIItE3.— Continued.

The revised gust-load formula has been used to re-mmhmta
the gustadocity data computed from V-G records taken on
civil tmmsportairplanes during the period from 1933 to 1960,
and the results have been summarized. The re-evahmtion
was made. in terms of a “dirived” gust velocity Uda,which
is related ti the “effective” gust velocity U6by a convemion
factor that is a function of the type of airplane and the
operating altitude. Although the value of the conversion
factor varies horn about 1.6 to 2.0 for the data presented,
the conclusions drawn from the previously presented data
based on U, (in particular, concerning the levels of evaluatad
gust velocities between different routes) remain essentially
unchanged.

LANGLEY ARRONAmCAL LABORATORY,

NATIONAL ADVISORY Commmm EOR hRONAUTICS,

LANGLEY FIELD, VA., September8, 1963.
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